A series of pyrimidine and thiazine derivatives was synthesized by one-pot reaction of cyclopentanone with a mixture of an aromatic aldehyde, namely o-anisaldehyde, and different ureas, namely urea, guanidine and thiourea, respectively. Furthermore, cycloaddition reaction of active methylene reagents, namely acetyl acetone, malononitrile, ethyl cyanoacetate, cyanoacetamide and N-phenyl cyanoacetamide with 2,6-bis(2-methoxybenzylidene)cyclohexanone afforded chromene and quinoline derivatives in basic medium. The antitumor evaluation of some new compounds against three human cell lines, namely MCF-7, NCI-H460 and SF-268 showed significant and moderate activity compared with the positive control doxorubicin.
Introduction
The azines have been reported to have antibacterial, 1,2 analgesic, 3 antitubercular, 4, 5 anti-inflammatory, 6, 7 antioxidant, 8, 9 and antiviral activities. 11-14 2-Oxo-1,2-dihydropyridine-3-carbonitrile derivatives were reported as inhibitors of the oncogenic serine/threonine kinase 15, 16 and for the treatment of the congestive heart failure. 17, 18 Cycloalkanones, such as cyclopentanone and cyclohexanone, react cleanly with urea or thiourea and aromatic aldehydes to give three families of fused heterobicyclic, benzylidene heterobicyclic, and spiro heterotricyclic pyrimidines as key intermediates for the preparations of many biologically active compounds. [19] [20] [21] [22] [23] [24] [25] [26] [27] [28] The modification, however, is still able to maintain the active moiety of the compound.
In view of these observations and due to our recent interest in developing novel multicomponent reactions (MCRs) for heterocyclic synthesis via dipolar intermediates, [29] [30] [31] [32] [33] [34] [35] [36] [37] [38] [39] we report herein the synthesis of some new derivatives of condensed pyrimidines of cycloalkanone and aldehyde bearing ortho effect with nitrogen nucleophiles and preliminarily evaluate their anticancer properties.
Furthermore, reaction of 2,6-bis(2-methoxybenzylidene)cyclohexanone (6) with different cyano nucleophiles yielded chromene and quinoline derivatives of promising antitumor activity.
Results and Discussion

l. Chemistry
The goal of this work was to study the possibility of azine synthesis by [3+3] cycloaddition of α,β-unsaturated systems to diverse nucleophiles, to afford condensed pyrimidine and pyridine ring systems. These compounds are readily available in high yields under the conditions of both acidic and basic catalysis. Thus, one-pot three component reaction of o-anisaldehyde, guanidine sulphate and cyclopentanone in a basic medium resulted in a Michaeltype adduct that was identified as the cyclic product 1 (Scheme 1).
The 1 H NMR spectrum of 1 exhibited three singlets at δ 10.25-8.60 (D 2 O exchangeable) corresponding to the guanidine protons and a singlet at 5.65 ppm belonging to the CH methylenic group. 13 C NMR of 1 was in agreement with the expected structure that can exist in equilibrium with its non isolable tautomers. On the other hand, acid induced [3+3] cycloaddition of cyclopentanone, anisaldehyde and urea afforded cyclopentapyrimidine derivati-Soylem et al.: Heteroannelation of Cyclic Ketones: ... ves 2 and 3 (in ratio 1:1) as shown in Scheme 1. The structures of the latter products were established on the basis of analytical and spectral data. Thus, the 1 H NMR spectrum of 2 showed two singlets at δ 11.81 and 9.98 (D 2 O exchangeable) corresponding to the two NH groups and a singlet at δ 3.80 ppm indicating CH 2 benzylic group. The 1 H NMR spectrum of 3 showed a multiplet at δ 5.40, a triplet at 3.75 and a multiplet at δ 3.64-2.65 ppm corresponding to CH methylenic, CH 2 benzylic groups and CH 2 of cyclopentane, respectively.
The three-components Biginelli-like reaction of oanisaldehyde, cyclopentanone and thiourea in an acidic medium resulted in heterocyclization potentiated by the more reactive SH than NH group (i.e. kinetic product) 40 affording thiazine derivative 4 and none of the pyrimidine derivative 5 was obtained (Scheme 1). The structure of 4 was established from its analytical and spectral data.
Thus, the 1 H NMR spectrum of 4 showed two singlets at δ 10.00 and 9.94 (D 2 O exchangeable) corresponding to two NH groups and a singlet at 3.91 ppm indicating CH 2 of benzyl group.
Formation of the pyrimidinones 2, 3 and thiazinimine 4 from cyclopentanone, o-anisaldehyde, urea and/or thiourea presumably proceeds via the formation of acyclic Michael-type adducts of 2,5-bis(2-methoxybenzylidene)cyclopentanone, followed by the heterocyclization and a series of hydrogen shifts with the subsequent isomerization in the case of urea cycloaddition as shown in Scheme 2.
Furthermore, synthesis of pyrimidine thione 7 was achieved via a base induced [3+3] cycloaddition of thiourea and α,β-unsaturated system 6 as shown in Scheme 3. 1 H NMR spectrum of 7 showed two singlets at δ 9.13 and 8.69 corresponding to NH groups and a singlet at δ 5.18 ppm corresponding to the CH methylenic proton. Com- [1, 3] thiazin-2(3H)-imine 4 derivatives. pound 7 was reacted with H 2 O 2 in the presence of NaOH to produce the oxidized product that was identified as the pyrimidinone 8. Whereas using H 2 O 2 in acetic acid as the oxidizing agent resulted dehydrogenation, in addition to the desulfurization, afforded the quinazoline derivative of type 9. Also, the pyrimidine thione 7 was allowed to react with hydrazine hydrate in dry pyridine resulting in the hydrazinolysis in addition to the basic isomerization producing the final product 10 (Scheme 3).
The structures of the latter products were established on the basis of analytical and spectral data. The IR spectrum of 8 revealed a peak at 1671 cm -1 of the carbonyl group and 1 H NMR spectrum showed a singlet at δ 8.07 ppm corresponding to the NH group.
1 H NMR spectrum of 9 showed a multiplet at δ 8.20-6.96 ppm corresponding to the aromatic and ethylenic protons. Curiously, α,β-unsaturated system of the type 6 underwent intermolecular cycloaddition with 2-amino-1,3-thiazol-4(5H)-one to produce thiazolopyrimidine derivative 11 potentiated by the high nucleophilicity of the ring nitrogen than the enolic tautomer of thiazolone, therefore none of the chromenothiazole 12 was obtained (Scheme 3). The analytical and spectral data were consistent with the proposed structure. Thus, the IR spectrum of 11 revealed a peak at 1696 cm -1 of the carbonyl group and the 1 H NMR spectrum showed double doublet at δ 4.14 corresponding to the CH 2 group of thiazole, a singlet at δ 4.50 indicating CH methylenic and a multiplet at δ 7.95-6.93 ppm corresponding to Ar-H and CH ethylenic group.
Upon the reaction of o-anisalcyclohexanone 6 with acetyl acetone (AcAc) a cycloaddition took place forming chromene derivative, which in turn underwent a hydrogen shift giving the final product 13. None of the naphthalene derivative 14 was obtained due to the enolic tautomer of the intermediate adduct facilitating the attack of the enolic OH to the acetyl carbonyl under the reaction conditions to produce the desired chromene 13 (Scheme 4). The analytical and spectral data were consistent with the proposed structure. Thus, the IR spectrum of 13 revealed a peak at 1660 cm -1 of the carbonyl group and the 1 H NMR spectrum showed a singlet at δ 3.88 indicating the CH 2 benzylic group, a singlet at δ 2.49 corresponding to the acetyl protons and a singlet at δ 2.46 ppm belonging to methyl protons.
Soylem et al.:
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The high yield of α,β-unsaturated system of the type 6 encouraged us to study their further reactivity towards cyanomethylene reagents. Thus, malononitrile added its nucleophilic carbon to the electrophilic carbon of 6 producing acyclic Michael-type adduct 15 that intramolecularly cyclizes producing chromene-3-carbonitrile of the type 16. While, α,β-unsaturated system 6 when allowed to react with ethyl cyanoacetate afforded chromene-3-carbonitrile of the type 17. None of the products 18 and 19 were obtained. Concerning the proposed mechanism, we expected that attack of the enolic OH to the ester carbonyl, which is more electrophilic than the cyano carbon, leads to the formation of chromene-3-carbonitrile 17 (Scheme 4). The analytical and spectral data of the obtained products were in agreement with the assigned structures. Thus, the 1 H NMR spectrum of 17 (as an example) showed beside the expected signals of the cyclohexane moiety, two singlets at δ 3.83 and 3.78 ppm corresponding to the two CH groups, a multiplet at δ 7.80-6.97 ppm including the aromatic protons with CH ethylenic groups and the IR spectrum exhibited peaks at 2197 and 1674 cm -1 of the cyano and carbonyl groups, respectively.
Also, cyanoacetamide produced the Michael-type adduct 20 upon its reaction with ketonic compound 6 followed by basic isomerization giving the final quinoline product 21. The IR spectrum of 21 revealed a peak at 2223 cm -1 of the CN group and the 1 H NMR spectrum showed a singlet at δ 12.05 according to NH group and doublet at δ 3.71 ppm indicating the Ar-CH 2 protons.
Finally, reaction of 2-cyano-N-phenylacetamide with the chalcone 6 in a basic medium afforded the intermediate product 22 which in turn underwent basic hydrolysis producing quinoline derivative 23 (Scheme 4). This reaction presumably proceeds via Michael addition followed by an intramolecular cyclization and subsequent Dimroth rearrangement affording 22 which in turn underwent basic hydrolysis producing quinoline derivative 23 (Scheme 5). The analytical and spectral data were consistent with the proposed structure.
Thus, the IR spectrum of 23 revealed peaks at 3432 for the acidic OH (broad) and 1707-1628 cm -1 characteriScheme 4. Condensation reactions of α,β-unsaturated cyclic ketones with active methylene reagents.
stic for the carbonyl groups. The 1 H NMR spectrum showed a multiplet at δ 7.56-6.88 corresponding to the Ar-H and CH ethylenic, a singlet at δ 9.52 (D 2 O exchangeable) indicating the NH group and a singlet at δ 12.11 ppm belonging to the carboxylic proton, in addition to the expected signals of the cyclohexane moiety.
2. Antitumor Activity
1. Tumor Cell Growth Assay
The effects of compounds 1, 13, 16, 17 and/or 21 on the in vitro growth of human tumor cell lines were evaluated according to the procedure adopted by the National Cancer Institute (NCI, USA) in the šIn vitro Anticancer Drug Discovery Screen' that uses the protein-binding dye sulforhodamine B to assess cell growth. 41, 42 Briefly, exponentially, cells growing in 96-well plates were then exposed for 48 h to five serial concentrations of each compound, starting from a maximum concentration of 150 μM. Following this exposure period adherent cells were fixed, washed, and stained. The bound stain was solublized and the absorbance was measured at 492 nm in a plate reader (Bio-Tek Instruments Inc., Power wave XS, Winooski, USA). For each test compound and cell line, a dose-response curve was obtained and the growth inhibition of 50% (GI 50 ), corresponding to the concentration of the compounds that inhibited 50% of the net cell growth was calculated as described elsewhere. 43 Doxorubicin was used as a positive control and tested in the same manner. For our newly synthesized products we selected the three cancer cell lines: the breast adenocarcinoma (MCF-7), non-small cell lung cancer (NCI-H460) and CNS cancer (SF-268) as our compounds are electron rich systems substituted with electronegative groups and many reports from previous work used such cell lines together with the use of doxorubicin which was showed to be the best positive control against the three cell lines (Table 1) .
Results are given in concentrations that were able to cause 50% of cell growth inhibition (GI 50 ) after a continuous exposure of 48 h and show means ± SEM of three independent experiments performed in duplicate.
Structure Activity Relationship (SAR)
The compound 16 with -CN substitution at C-3 position of chromene ring and -NH 2 substitution at C-2 position exhibited potent antitumor activity in MCF-7, NCI-H460 and significant effect in SF-268. Also, compound 17 with -CN substitution at C-3 position of chromen-2-one ring exhibited potent antitumor activity in SF-268, NCI-H460 and significant effect in MCF-7. However, compound 13 with -COCH 3 substitution at C-3 position of chromene moiety as well as -CH 3 substitution at C-2 position showed significant effect in MCF-7 and moderate activity in both NCI-H460 and SF-268. On the other hand, 2-oxoquinolinecarbonitrile 21 with -CN substitution at C-3 position was the lowest in both. Comparing the antitumor activity of the tested compounds and their analogous described in the literature, [37] [38] it is obvious that the highest cytotoxicity might be attributed to the presence of 
Experimental
1. Chemistry
All melting points were determined using a Stuart melting point apparatus by the open capillary tube method and are uncorrected. IR spectra were recorded on a Perkin-Elmer model 1600 FT-IR instrument as KBr pellets. 1 H and 13 C NMR spectra were recorded on a Varian 300 MHz in DMSO-d 6 as solvent, using TMS as internal standard and chemical shifts are expressed as δ ppm. Antitumor activity and elemental analyses were performed by the Micro Analytical Center, Cairo University, Egypt. The starting material 6 was prepared as described in the literature. 44 The progress of the reaction and the purity of the compounds were routinely monitored on TLC by pre-coated aluminum silica gel 60F 254 thin layer plates obtained from Merck (Germany) eluting with petroleum ether/ethyl acetate. The yields of all products were not optimized. All reagents used were obtained from commercial sources. All solvents were of analytical grade and used without further purification. 
General Procedure for the Synthesis of Compounds 2, 3 and 4
A mixture of o-anisaldehyde (2.72 g, 0.02 mol), cyclopentanone (0.8 g, 0.01 mol) with 0.60 g urea and/or 0.76 g thiourea (0.01 mol), and conc. HCl (0.03 mol) in ethanol (30 mL) was heated under reflux for 5 h. The reaction mixture was cooled and poured into ice cold water. The precipitated solid was filtered off, dried and recrystallized from the proper solvent to give the products 2, 3 and 4, respectively. Methoxybenzyl)-4-(2-methoxyphenyl)-1,3,5,6- 
7-(2-
Synthesis of 4-(2-Methoxyphenyl)-8-[ [(2-methoxyphenyl)methylidene] ]-3,4,5,6,7,8-hexahydro-2(1H)-quinazolinethione (7)
A mixture of compound 6 (3.34 g, 0.01 mol), thiourea (0.76 g, 0.01 mol) and sodium ethoxide (0.02 mol) [prepared of sodium (0.46 g) dissolved in absolute ethanol (20 mL)] in absolute ethanol (30 mL) was heated under reflux for 4 h. The solid product obtained upon cooling was poured onto crushed ice and acidified with acetic acid, filtered off, dried and recrystallized from acetic acid.
Yield: 85%; m. 
Synthesis of 8-(2-Methoxybenzylidene)-4-(2-methoxyphenyl)-5,6,7,8-tetrahydroquinazoline (9)
To a solution of 7 (3.92 g, 0.01 mol) in acetic acid (20 mL), H 2 O 2 (0.02 mol) was added drop wise at r.t. with stirring. Furthermore, the reaction mixture was stirred at r.t. for 3 h. The separated solid was collected by filtration, washed with water, dried and recrystallized from methanol.
Yield: 65%; m. -8-(2-methoxybenzyl)-4-(2-methoxyphenyl)-1,5,6,7-tetrahydroquinazoline (10) A mixture of 7 (3.92 g, 0.01 mol) and hydrazine hydrate (0.015 mol) in pyridine (20 mL) was refluxed for 5 h. The reaction mixture was cooled and neutralized with dilute HCl. The separated solid was filtered off, dried and recrystallized from methanol. 
Synthesis of 2-Hydrazino
General Procedure for the Synthesis of Chromene Derivatives 13 and 16
A mixture of 6 (3.34 g, 0.01 mol), acetyl acetone and/or malononitrile (0.01 mol) and a few drops of TEA in dimethyl formamide (30 mL) was heated under reflux for 20 h. The solid product obtained upon cooling, poured into ice cold water and acidified by acetic acid, filtered off, dried, and recrystallized from the proper solvent gave compounds 13 and 16, respectively. 
2. Antitumor Activity Tests
Reagents: Fetal bovine serum (FBS) and L-glutamine, were from Gibco Invitrogen Co. (Scotland, UK). RP-MI-1640 medium was from Cambrex (New Jersey, USA). Dimethyl sulfoxide (DMSO), doxorubicin, penicillin, streptomycin and sulforhodamine B (SRB) were from Sigma Chemical Co. (Saint Louis, USA).
Cell cultures: Three human tumor cell lines, MCF-7 (breast adenocarcinoma), NCI-H460 (non-small cell lung cancer), and SF-268 (CNS cancer) were used. MCF-7, XF498, colon; A549, ovarian; HCT15, stomach; was obtained from the European Collection of Cell Cultures (ECACC, Salisbury, UK), NCI-H460, SF-268 and normal fibroblast cells (WI 38) were kindly provided by the National Cancer Institute (NCI, Cairo, Egypt). They grow as a monolayer and routinely maintained in RPMI-1640 medium supplemented with 5% heat inactivated FBS, 2 mM glutamine and antibiotics (penicillin 100 U/mL, streptomycin 100 μM), at 37 °C in a humidified atmosphere containing 5% CO 2 . Exponentially growing cells were obtained by plating 1.5 × 10 5 cells/mL for MCF-7, NCI-H460 and SF-268 and 0.75 × 10 4 cells/mL followed by 24 h of incubation. The effect of the vehicle solvent (DMSO) on the growth of these cell lines was evaluated in all the experiments by exposing untreated control cells to the maximum concentration (0.5%) of DMSO used in each assay.
Conclusion
A series of novel condensed pyrimidine, pyran and pyridine derivatives were synthesized and assayed for their antitumor activity against three human cell lines namely MCF-7, NCI-H460 and SF-268. The activity comparison and the structure correlation of the tested compounds had shown that these potencies paralleled the electron withdrawing powers of the substituent groups. Hence, the higher cytotoxcity of compounds 14 and 15 was attributed to the presence of the electronegative cyano group.
